
Office 




CEFITIFS' „ COPY OF 
PRIORITY DOCUMENT 



INVESTOR m PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
-.Newport 
South Wales 
NP9 IRH 



In accordance with the Patents (Companies Re-reeistration^ R„i^c 1080 ,p 



c'^^I'S^^^tc*'"""' """""^ -"^-V- n,ay be replaced by p.,.o., 



-registration under the Companies Act does not constitute a new tel 
■jects tl,e company to certain additional company law S. ^ 



tity but merely 
*M/? 0 J /yyy 



Signed 
Dated 




2 December 1998 




( itents Form 1/77 

Patents Act 19T7 
(Rule 16) 



Cffice 



V J^quest for grant of a patent 

(See the notes on the back oftbisfortn. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in tbisfomi) 



02QEC97 E32I353-1 002829 

^ POi/7700 25.00 - 9725393.4 

28 NOV 1997 The Patent Office 



1 . Your reference 



2. Patent application number 

(Tlje Patent Office will fill in this part) 



J00025241GB 

~ 9725393.4 



Cardiff Road 
Newport 
Gwent NP9 IRH 



3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



MARS, INCORPORATED, 
6885 Elm Street, 
McLean , 

Virginia 22101-3883, US. A. 

Corporation of Delaware, U.S.A. H"l3'^V^ 



4. Title of the invention 



CURRENCY VALIDATION APPARATUS AND METHOD 



5 . Name of your agent (if you have one) 



R.G.C. Jenkins & Co. 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



26 Caxton Street, 
London, SWIH ORJ, 
United Kingdom. 



8. 



Patents ADP number (if you know it) 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor ivho is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



950001 



Country Priority application number Date of fiiing 

(if you knoiv it) (day /month /year) 



Number of earlier application 



Date of filing 
(day / month /year) 



Yes 



RECEIVEIX 

M*o 0 3 1999 



Patents Form 1/77 



Patents Form 1/77 

9 Enter the number of sheets for any of the 
foUowing items you arc filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 

Description 23 

ClaimCs; 6 ^""^ 

Abstract 1 

Drawing(5j> 5 "f" J> 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 

to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 

and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(please specify) 



0^ 



11. 



I/We request 
Signature 




e basis of this application. 
S^te 28/11/97 



12 Name and daytime telephone number of 
person to contact in the United Kingdom 



0171 931 7141 

Mr. Steven D. Burke 



U^Y,^p,™.WO«/rom ,^ Pa,en, OJf,„ "f no airectton proUbiUng m^"^""" or 

':rr^.^^,.o,u...fo^or^^^^^^ 

■ '^4,^1 loiters usins black ink or you may type them, 
b) Write your answers, ncap0^etters using b ^ r,art of this form, please continue on a separate 

attached to this form. 

If you have ansu>ere<i 'Yes' Patents Form 7/77 u^ill nee^ to he filed, 
e) once you have filled in thefonn you must rememher to sign and date tt. 
f, For details of the fee and u^ays to pay please contact the Patent Office. 

PntetitS Form 1/ 



Patents Form 7/77 

*atents Act 1977 
(Rule 15) 



Office 



statement of inventorship and of 
right to grant of a patent 



1. Your reference 



J00025241GB 



2. Patent application number 
(if you know it) 



9725393.4 



The Patent Office 

Cardiff Road 
Newpon 
GwentNP9 IRH 




3. Full name of the or of each applicant 



MARS, INCORPORATED 



4. Title of the invention 



CURRENCY VALIDATION APPARATUS AND METHOD 



5. State how the applicantr^; derived the right r) . ^ ^ u ^ - ^ 

f^r^rryth^ir^.r^^Zi^.. w . ^ By virtue of an agreement between the xnventorsj 

from the mventorf.; to be granted a patent Limited of Dundee Road. Slough, SLl AJX, 



United Kingdom, and ourselves, 



6. How many, if any, additional Patents Forms 
7/77 are attached to this form? 

{see note (c)) 



7. 



RECEIVED 

MAR 0 3 lyyy 



I/We believe that the personr^) named over the page (and on 
any extra copies of this form) is/are the inventor^j?; of the invention 
which the above patent appHcat^n/felates to. 



Signature 




bate 09/06/98 



JENKINS & CO. 



8. Name and daytime telephone number of 
person to contact in the United Kingdom 



Steven Burke 
0171 931 71A1 



Notes 

«J V you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505, 

b) Write your answers in capital letters using black ink or you may type them, 

c) If there are more than three inventors, please write the names and addresses of the other inventors on the back of 
another Patents Form 7/77 and attach it to this form, 

d) When an application does not declare any priority, or declares priority from an earlier UK application, you must 
provide enough copies of this form so that the Patent Office can send one to each inventor who is not an 
applicant, 

e) Once you have filled in the form you must remember to sign and date it. 7 IT/ ^ 



Patents Form 7/77 



Patents Form 7/77 



Enter the full names, addresses and postcodes of the 
inventors in the boxes and underline the surnames 



Andrew Michael Yellop , 
6 Bullfinch Close, 
College Town, 
Sandhurst, 

Berkshire, GU47 OXU, 
United Kingdom. 



Patents ADP number of you know it): ( / ^ , / 



Frank Mars , 

c/o Mars, Incorporated, 
6885 Elm Street, 
McLean , 

Virginia 22101-3883, 
U.S.A. 



Patents ADP number (if you know it): 



Reminder 

Have you signed the form? 




Patents Form 7/77 



CURRENCY VALIDATION APPARATUS AND METHOD 



This invention relates to an apparatus and method for validating 
currency. The invention will be described primarily in the context of 
validating coins, but it could also be applied in other areas, such as validating 
banknotes. 

It is well known to take measurements of articles of currency, e.g. coins, 
and to apply acceptability tests to determine whether the article is valid and its 
denomination. The acceptability tests are normally based on stored 
acceptability data. One common technique (see, e.g. GB-A-1 452 740) involves 
storing "windows", i.e. upper and lower limits for each test. If each of the 
measurements of a coin falls within a respective set of upper and lower limits, 
then the coin is deemed to be acceptable. The acceptability data could instead 
represent a predetermined value such as a median, the measurements then being 
tested to determine whether they lie within predetermined ranges of that value. 
Altematively, the acceptance data could be used to modify each measurement 
and the test would then involve comparing the modified result with a fixed 
value or window. Altematively, the acceptance data could be a look-up table 
which is addressed by the measurements, and the output of which indicates 
whether the measurements are suitable for a particular denomination (see, e.g. 
EP-A-0 480 736, and US-A-4 951 799). Instead of having separate acceptance 
criteria for each test, the measurements may be combined and the result 



compared with a stored acceptance criterion for each possible denomination (cf. 
GB-A-2 238 152 and GB-A-2 254 949). Ahematively, some of these 
techniques could be combined, e.g. by using the acceptability data as 
coefficients (derived, e.g. using a neural network technique) for combining the 
measurements, and possibly for performing a test on the result. A still further 
possibility would be for the acceptability data to be used to define the conditions 
under which a test is performed (e.g. as in US-A-4 625 852). 

Normally, the acceptance data are produced by a calibration operation 
and are characteristic of how the apparatus responds to the specific types of item 
to be validated. However, it is alternatively possible for the data to be 
independent of the properties of the item itself, and instead to be characteristic 
of just the validafion apparatus (e.g. to represent how much the apparatus 
deviates in its measurements from a standard) so that this data in combination 
with further data representing the standard properties of an item are sufficient 
for validation. 

Whichever technique is used, different sequences of operations are 
possible. For example, it is possible to process all the acceptance criteria 
relating to a particular denomination before considering the criteria for the next 
denominafion, etc. Alternatively, the criteria relating to a particular property 
may be considered for all the denominations before considering the criteria for 
the next property. In the former case, if desired, it is possible to terminate the 
validity checking operation as soon as it is found that the measured properties 



meet all the acceptance criteria for a particular denomination. In the latter case, 
it is possible at each stage to disregard a particular denomination if, at an earlier 
stage, the criteria for that denomination have not been met. 

However, it is necessary to ensure that all the validation operations 
required for every type of coin which the apparatus is designed to accept can be 
performed in the time available. On the other hand, there is a desire for high- 
speed compact coin validators, where there is very little time available between 
the measuring of the properties and the time at which a signal must be issued to 
indicate whether or not the coin is valid. This problem is exacerbated if there is 
a need for many sets of acceptance criteria, for example in multi-currency 
validators. 

It has also been proposed (see GB-A-2 300 746) to have criteria 
associated with non-acceptable coins ("slugs"), so that an article can be rejected 
if it is found to lie within such a window, and, possibly, the acceptance criteria 
for one or more acceptable denominations are adjusted as a result of 
determining that such a slug has been received. The requirement for such 
rejection criteria also increases the amount of time required for the validation 
operation. 

It would be desirable at least to mitigate this problem. 

Modem currency validators are capable of being configured in many 
different ways. For example, it is often possible to change the currency set 
which they are designed to validate, and to change the combination of 



currencies which they are capable of dispensing. It is also possible to adjust 
acceptance criteria if particular problems arise with respect to forgeries. 
Appropriate reconfiguration of coin validators often requires information 
concerning the performance of the machine, and the manner in which it is being 
used. For example, a coin validator may be required to validate different 
distributions of coinage in different geographical areas. It would therefore be 
desirable to provide an improved technique for obtaining information 
concerning the operations which have been carried out by a coin validator. 

According to one aspect of the present invention, a method of currency 
validation involves comparing measured properties of an article with criteria 
associated with respective article types in order to provide a signal indicating 
whether or not the article belongs to one of those types, the method further 
comprising subsequently comparing the measured properties with criteria 
relating to further types of articles. Using a technique of this aspect of the 
invention, it is possible to take into account criteria relating to many more 
articles than can be considered in the time available for the validation operation. 
If an article under test, e.g. a coin, is one of the types considered prior to issuing 
an accept/reject decision signal, then it will be accepted in the normal way. If 
not, the article will still be checked against other denominations, so that the type 
of article can still be determined even if there is insufficient time to do so prior 
to issuing the signal. 



This has a number of potential uses. First, it has been found that 
whenever someone inserts a coin or banknote into a validator and finds that it is 
rejected, there is a very high likelihood that the person will insert the article at 
least one more time in the hope that it will be accepted. Accordingly, by 
determining the nature of the rejected article in the period after rejection, it is 
possible to re-configure the validation operation so that the criteria for that type 
of article will be considered, during the next validation operation, prior to the 
time at which the accept/reject signal is generated. This means that when the 
coin or banknote is re-inserted, it is likely to be accepted. 

Alternative or additional techniques are possible. For example, the 
machine may be arranged to keep a record of the types of articles which have 
been tested, possibly together with an indication of whether or not they have 
been accepted. By using the techniques of this aspect of the invention, a 
substantially more comprehensive record can be kept. This information can be 
used for either automatically or manually re-configuring the validator, or simply 
for statistical analysis by the validator ovmer or manufacturer. 

Instead of causing the acceptance criteria for only one denomination to 
be considered prior to issuing the accept/reject signal in the next validation 
operation, this can be done for a group of denominations. For example, there 
may be a multi-currency validator arranged so that no denominations, or only a 
few denominations, of a particular currency are considered prior to the issuing 
of the accept/reject signal. However, if there is post-rejection determination that 



an article belongs to that currency type, the validation operation may be re- 
configured so that a plurality of sets of criteria, relating to denominations of that 
currency, are considered during the next validation operation prior to the issuing 
of the accept/reject signal. 

The validation operations may be altered in response to a single coin 
having been found, following the issuance of the accept/reject signal, to meet a 
set of accepted criteria. Instead, this alteration may be arranged to be performed 
in response to data derived from a plurality of determinations made during the 
course of validating a plurality of articles. This data could be derived using 
statistical techniques on information derived from these determinations. 

The invention also has other aspects. In a further aspect, a method of 
validating articles of currency involves checking measured properties of the 
article against criteria relating to a plurality of types of articles prior to issuing a 
signal indicating whether or not the article is of one of said types, the method 
further involving automatically preventing one of those sets of criteria from 
being considered during a subsequent validation operation and/or causing a 
further set of criteria associated with a different type of article to be considered 
during a subsequent validation operation. 

Using this technique, it is possible to have the validator store more sets 
of acceptance criteria than can be handled in the time available prior to issuing 
the accept/reject signal, with appropriate ones of the sets of criteria being 
switched into or out of the group considered prior to the issuing of the signal, so 



as to optimise the performance of the validator in accordance with the desired 
use thereof The automatic switching can be achieved in response to various 
types of parameters, including data indicative of one or more previously- 
validated coins. 

For example, a multi-currency validator may be arranged to validate a 
subset of the denominations of each of a plurality of currencies. As soon as an 
article of one particular currency is received, validated and accepted, the 
validator may be arranged to disable acceptance criteria associated with coins of 
at least some other currencies, and to enable instead further coins of the 
currency which has been accepted. Thus, a multi-currency validator can be 
arranged to configure itself automatically for the currency with which it is to be 
used. 

Further aspects of the invention are set out in the accompanying claims. 
It will be appreciated that there are particular advantages in combining certain 
aspects of the invention. 

The invention also extends to a currency validator using the methods of 
the invention. 

Arrangements embodying the invention will now be described by way 
of example with reference to the accompanying drawings, in which: 

Figure 1 is a block diagram of coin handling apparatus including a coin 
validator in accordance with the invention; 
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Figure 2 schematically illustrates the contents of part of a memory of the 
validator; 

Figure 3 is a flowchart illustrating the operation of the embodiment; 

Figure 4 schematically illustrates the contents of a validator memory 
according to a modified embodiment of the invention; 

Figure 5 is a flowchart illustrating the operation of the modified 
embodiment; 

Figures 6 and 7 correspond to Figures 4 and 5, but relate to a further 
modified embodiment; and 

Figure 8 is a block diagram of the circuit of the coin handling apparatus. 

Referring to Fig. 1, the coin handling apparatus 2 includes a coin 
validator 4 for receiving coins as indicated at 6. During the passage of the coins 
6 along a path 8 in the validator 4, the coins are electromagnetically tested by a 
test station 9, following which the validator provides signals indicating whether 
the coins are acceptable, and if so the denomination of the coins. 

Acceptable coins then enter a coin separator 10, as a result of the 
energisation of an accept/reject gate 1 1 in response to an accept signal from the 
validator 4. The separator 10 which has a number of gates (not shown) 
controlled by the circuitry of the apparatus for selectively diverting the coins 
from a main path 12 into any of a number of further paths 14, 16 and 18, or 
allowing the coins to proceed along the path 12 to a path 20 leading to a 
cashbox 2 1 . If the coins are unacceptable, the gate 1 1 remains de-energised and 
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instead of entering the separator 10 the coins are led straight to a reject slot via a 
path 30. 

Each of the paths 14, 16 and 18 leads to a respective one of three coin 
tubes or containers 22, 24 and 26. Each of these containers is arranged to store 
a vertical stack of coins of a particular denomination. Although only three 
containers are shown, any number may be provided. 

A dispenser indicated schematically at 28 is operable to dispense coins 
from the containers w^hen change is to be given by the apparatus. The dispensed 
coins are delivered to a refund path 29. 

Referring to Fig. 8 the circuit of the present embodiment of the 
invention incorporates a microprocessor 50 connected to data and address buses 
52 and 54. Although separate buses are shown, data and address signals could 
instead by multiplexed on a single bus. A bus for control signals could also be 
provided. 

The microprocessor 50 is connected via the buses 52 and 54 to a read- 
only memory (ROM) 56 and a random access memory (RAM) 58. The ROM 
56 stores the program controlling the overall operation of the microprocessor 
50, and the RAM 58 is used by the microprocessor 50 as a scratch-pad memory. 

The microprocessor 50, the ROM 56 and the RAM 58 are, in the 
preferred embodiment, combined on a single integrated circuit 

The microprocessor 50 may also be connected via the buses 52 and 54 
to an E AROM 60 for storing a variety of alterable parameters. 
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The microprocessor 50 is also coupled via the buses 52 and 54 to 
input/output circuitry indicated at 62. The circuitry 62 includes user-operable 
switches, at least one level sensor for each of the coin containers 22, 24 and 26, 
circuits for operating the dispenser 28, the accept/reject gate 1 1 and the gates of 
the coin separator 10, the circuitry of the coin validator 4, and a display visible 
to a user of the apparatus for displaying an accumulated credit value and an 
indication when insufficient coins are stored to guarantee that change will be 
available. 

The input/output circuitry 62 also includes an interface between the 
control circuit of the apparatus and a vending machine 64 to which it is 
connected, and a further interface to an audit device 66. 

In operation of the apparatus the microprocessor 50 successively tests 
the signals from the validator to determine whether a coin has been inserted in 
the apparatus. When a credit has been accumulated, the microprocessor also 
tests signals from the vending machine to determine whether a vending 
operation has been carried out. In response to various signals received by the 
microprocessor 50, various parts of the program stored in the ROM 56 are 
carried out. The microprocessor is thus arranged to operate and receive signals 
from the level sensors of the coin containers 22, 24 and 26, and to control the 
gates in the separator 10 in order to deliver the coins to the required locations, 
and is also operable to cause appropriate information to be shown on the 
displays of the apparatus and to deliver signals to the vending machine to permit 
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or prevent vending operations. The microprocessor is also operable to control 
the dispenser to deliver appropriate amounts of change. The audit device 66 
maintains a record of the number of coins of each denomination received and 
dispensed by the apparatus. 

The arrangement so far is quite conventional, and the details of 
particular structures suitable for using as various parts of the mechanism will 
therefore not be described in detail. 

The particular sequence of most of the operations carried out by the 
microprocessor may be the same as in previous apparatus. A suitable program 
to be stored in the ROM 56 can therefore be designed by anyone familiar with 
the art, and accordingly only the operations carried out by the particularly 
relevant parts of this program will be described. 

Data defining coin acceptance criteria are stored by at least one of the 
memories 56, 58 and 60. Preferably, the data are stored in EAROM 60, but read 
into RAM 58 for processing purposes. 

Referring to Figure 2, the data defining the acceptance criteria are stored 
in two memory sections 202 and 204, which in this embodiment are located 
within the same address space and, preferably within the same physical memory 
circuit. Within each section, there are groups of storage locations each 
associated with a specific type of currency article. Within each group, there is 
an address location identifying the nature of the currency article, and further 
address locations containing acceptance criteria for that denomination. 
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In this embodiment, each group consists of seven memory locations. 
The first, within the rows labelled CT, contains a code indicative of the coin 
type (for example lU representing one UK penny, i.e. one unit in UK currency, 
5E representing five units of Euro currency, Tl representing a predetermined 
type of token, etc.). 

Each group also comprises three pairs of memory locations, labelled 
ULl, LLl, UL2, LL2, UL3 and LL3. Each pair, e.g. ULl and LLl, contains, 
respectively, upper and lower limits for a property range. 

In performing the validation operation, using the apparatus of Figures 1 
and 8, three property measurements are obtained. If all three measurements fall 
within the three respective ranges defined by a group of memory locations, then 
the received coin is deemed to be a valid coin of the type indicated by the 
contents of location CT within that group. 

Referring to Figure 3, the validation process begins at step 300, on 
detection that an article has been inserted. The three property measurements are 
made at step 302. 

At step 304, a counter N is set to an initial value 1 . 

At step 306, the three property measurements are checked against the 
group identified by N, i.e. the first group, within memory section 202. If all 
three measurements lie within the respective ranges, the program proceeds to 
step 308, where the appropriate routines are executed to indicate acceptance of a 
valid coin of the type CT within group 1 of section 202. 
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Otherwise, the program proceeds to step 310, where the counter N is 
incremented. Then, at step 312, it is determined whether or not N has reached 
its predetermined maximum value. If not, the program loops back to step 306, 
wherein the property measurements are compared with the next group within 
section 202. 

Accordingly, steps 306, 310 and 312 are repeated until either a valid 
coin of a type associated with section 202 is found, or until all the groups in that 
section have been checked. 

Assuming that no valid coin has been found, the program proceeds to 
step 314, which contains the appropriate routines associated with rejecting the 
coin. (In practice, little action is necessary, because the accept/reject gate is 
simply kept in its normal position to allow the coin to go past into the reject 
channel.) 

At step 3 1 6, the counter N is again initialised to the value 1 . 

Steps 318, 320 and 322 correspond to steps 306, 310 and 312, except 
that in this case the program checks the measured properties against the contents 
of the memory section 204. If a match is found, the program proceeds to step 
326. 

The memory contents 202 relate to all the denominations for which 
there is sufficient time to perform a checking operation prior to the time at 
which a decision must be made if the coin is to be accepted. The memory 
contents 204 represent additional coin types which can be checked following 
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this time. If step 326 is reached, this means that one of the coins associated with 
memory section 204 has been inserted in the apparatus, but has been rejected. 
Accordingly, at step 326, the contents of the group of memory locations 
associated with the inserted coin are read out of memory section 204 and written 
into memory section 202. Therefore, if the same coin is re-inserted, a match 
will be found at step 306, and the coin will then be accepted at step 308. 

There are a number of different ways in which the memory contents can 
be transferred from section 204 to 202. The following are two possible 
alternatives: 

(a) There could be a spare group of memory locations in section 
202. Each time step 326 is reached, the memory contents associated with the 
inserted coin are copied from section 204 and inserted into the spare locations 
within section 202. 

(b) Each time step 326 is reached, the memory contents associated 
with the inserted coin, within section 204, may be exchanged for one of the 
groups of locations within section 202. For example, the contents of 
corresponding memory locations may be exchanged, so for example if step 326 
is reached after N has been set to 3, then the third group of memory locations 
within each of sections 202 and 204 may be read out, and then written into the 
other of the memory sections. 

A modified embodiment will now be described with reference to 
Figures 4 and 5. In Figure 4, a section of a memory is schematically illustrated 
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at 402. This section stores the acceptance criteria and other information 
associated with each of the currency articles which the validator is designed to 
accept. For each article of currency, 10 parameters are stored. These comprise: 

(a) The acceptance criteria themselves, which in this case 
correspond to 6 upper and lower limits defining three ranges, as in the 
arrangement of Figure 2, these being stored in the columns labelled ULl, LLl, 
UL2,LL2,UL3 and LL3. 

(b) an indication of the value of the currency articles in 
predetermined units, stored in the column labelled CV. This corresponds to the 
amount by which a stored credit value is incremented on receipt of a valid coin 
of the respective type. 

(c) a value, in the column labelled CR, denoting the currency to 
which the article belongs. In the illustrated embodiment, the articles belong to 
either UK currency ("U'*)^ Euro .currency ("E") or specially-manufacturedtokens 
CT"). 

(d) a usage indication, in the column labelled US, providing at least 
an approximate and relative indication of the number of times the associated 
currency units have been received by the validation apparatus; and 

(e) an active flag, in the column labelled A, which denotes whether 
the associated acceptance criteria are to be checked prior to, or following, a 
determination of validity of the received coin. 
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Referring to Figure 5, the validation operation commences at step 500, 
on detection that an article has been inserted. 

At step 502, the properties of the article are measured. 

At step 504, a counterN is initialised to the value 1 . 

At step 506, the program accesses the flag A in the row of memory 
section 402 denoted by the counterN. The flag may be set either to "R" or "L". 
"R'* represents run-time values which should be checked prior to a 
determination of validity. "L" represents library values which can be checked 
after the validity determination. 

Accordingly, if the flag A is set to "R", the program proceeds to step 
508 to check the measured properties against the respective acceptance criteria. 
A decision is made at step 510 dependent on whether all measured properties 
have been found to lie within the respective ranges. If so, the program proceeds 
to the usual acceptance routines at step 512. 

Otherwise, the program proceeds to step 514, wherein N is incremented, 
and step 516, wherein N is checked to see whether it has reached a 
predetermined limit. If not, the program loops back to step 506. 

If, at step 506, it is found that the flag A is set to "L", then the program 
proceeds straight to step 514, omitting the time-consuming steps 508 and 510. 

This continues until either a valid coin has been found, in which case the 
program reaches step 512, or until N has reached its maximum limit, in which 
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case all the acceptance criteria associated with the "R" values of the flag A 
would have been checked, and the program proceeds to step 518. 

Step 518 is reached if the coin is to be rejected. Any necessary actions 
are performed at this step. 

Then at step 520, counter N is set to 1 before continuing with steps 522, 
524, 526, 528 and 530. These correspond respectively to steps 506, 508, 510, 
514 and 516, except that at step 522 the program instead checks for the flag A 
having a value "L", and performs the acceptance criteria checking operations at 
steps 524 and 526 only if a value "L" is found. Thus, all the library ranges are 
checked. If the inserted article does not match any of the acceptance criteria, the 
program finishes at step 532. 

If an inserted coin matches one set of acceptance criteria, then the 
program will eventually reach step 534 (either after the acceptance routines at 
step 5 12, if the acceptance criteria are associated with a run-tirhe flag R, or after 
step 526 if the acceptance criteria are associated with a library flag L). 

At step 534, the associated usage value US is altered as a result of the 
receipt of the valid coin. There are a number of different algorithms which can 
be used to achieve this. For example, the associated usage value can simply be 
incremented. To avoid overflows, all usage values can periodically be 
decremented by a certain value. 

At step 536, the usage values US for all coins are examined. The m 
highest values are detected, and the associated flags A are all set to the value 
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"R". The remaining activity flags are set to "L". The value m corresponds to 
the number of acceptance criteria which can be reliably checked before an 
accept/reject decision has to be made. 

This embodiment has the advantage that the most commonly used 
currency articles will be checked in the period prior to making the accept/reject 
determination. 

After step 536, the program routine ends at step 532. 

The above embodiment may be modified by arranging for the flag 
updating operation at step 536 to be done relatively infrequently, e.g. after 100 
validation operations, instead of after every validation operation. It should be 
understood, therefore, that references herein to changing the combination of 
acceptance criteria which are considered prior to the accept/reject decision "in 
response" to an article matching the acceptance criteria should be taken to 
include not only the possibility of this circumstance leading to an immediate 
and direct response, but also the possibility of this circumstance forming one of 
a number of factors which are collectively analysed to determine whether the 
response is ultimately produced. 

A further modification of the embodiment will now be described with 
reference to Figures 6 and 7. This embodiment is similar to that of Figures 4 
and.5, so only the differences will be discussed. 

. In Figure 6, the memory contents are the same as those in Figure 4 
except that the activity flag A is omitted, and instead there is an index value 1. 
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At step 536, the usage values are checked and sorted in order of decreasing 
magnitude. This order is used to calculate the index values I, which are a 
continuous series of numbers starting with 1 , representing the highest usage 
value, and then 2 representing the next highest, etc. 

The operation illustrated by Figure 7 is similar to that of Figure 5 except 
as follows. 

During step 502, when the property measurements are being made, the 
microprocessor starts a timer at the instant that the tested coin is in a known 
position with reference to the accept gate. 

After step 504, wherein N is set to 1 , the program proceeds to step 508. 
Here, the program accesses the acceptance criteria for the row wherein the index 
value I is equal to N. As before, step 510 checks to determine whether the 
acceptance criteria have met, and if not the program proceeds to step 514 to 
increment N. 

At step 516, the program check the timer. The purpose of this is to 
determine whether or not it is necessary for the accept/reject decision to be 
made, i.e. to determine how close the coin is to the accept gate. If there is still 
some time left, the program loops back to step 508. Otherwise, the coin is 
rejected at step 518. 

Instead of using a timer, a sensor (such as one of the validation sensors 
in the test station 9, or a dedicated sensor near the accept/reject gate 11) could 
be used to indicate that it is time to make the accept/reject decision. 
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In the case of rejection, the program proceeds from step 5 1 8 to step 524, 
to access the acceptance criteria for the next index value I. Step 526, as before, 
determines whether the acceptance criteria are met, and if not the program 
proceeds to step 528 to increment N. 

At step 530, the program checks to determine whether N has reached the 
maximum possible value, which is determined by the number of different sets 
of acceptance criteria stored by the memory section 602. 

Accordingly, the embodiment of Figures 6 and 7 is similar to that of 
Figures 4 and 5, except that the number of acceptance criteria which are 
checked prior to the accept/reject decision point may vary in accordance with 
the time available prior to this point. Thus, more criteria may be checked if the 
coin is moving slowly. 

In principle, if a coin is found to match a set of acceptance criteria 
sufficiently quickly, then certain operations should be carried out, as in steps 
308 and 512 of the previously-described embodiments. However, if the 
measured properties do not match a set of acceptance criteria, i.e. the coin is to 
be rejected, then it may not be necessary to take any action. This is particularly 
true if the apparatus is designed such that the accept/reject gate is, by default, in 
a position in which coins are led to the reject path. There would, nevertheless, 
be a point at which a reject decision has been made. This may not necessarily 
be signified by a discrete electrical signal. It may instead be signified by a 
combination of circumstances or states, some or all of which may be internal to 
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the microprocessor. For example, a reject signal may be constituted by a 
combination of (a) a timer reaching a particular value, or some other signal 
indicating that the coin is so close to the accept gate that there is insufficient 
time to guarantee reliable routing to the accept path, and (b) the absence of a 
5 state which is set when a group of acceptance criteria have been met. 

Various modifications to the above-described embodiments are possible. 
For example, there could be further sets of acceptance criteria which are 
always considered prior to making the accept/reject decision. Thus, the 
switching of acceptance criteria between "run-time" and "library" sections can 
10 be performed only for currency articles which are less likely to be received. 

The embodiments of Figures 4 to 7 may be modified such that, if a coin 
meets a set of acceptance criteria, the currency type CR for that coin is 
determined, and several sets of acceptance criteria associated with the same 
currency type, or all such acceptance criteria, are caused to be considered prior 
15 to the accept/reject decision point for future validation operations. Thus, the 
validator can be arranged automatically to recognise the currency of an inserted 
coin and in response thereto to make the validator effective for validating other 
articles of the same currency. 

In principle, this principle can be extended to arrangements in which 
20 there are no acceptance criteria which are checked after the accept/reject 
decision point. Such an arrangement could be based on a conventional validator 
which stores additional sets of acceptance criteria which are not used during a 



particular validation operation. These would be associated with the same 
currency as a coin for which acceptance criteria are checked during the 
validation period. If such a coin is inserted, then the inactive acceptance criteria 
could be brought into operation in place of the currently active criteria. 

Although the embodiments of the invention have been described in the 
context of changes in the combination of acceptance criteria which are 
considered prior of the accept/reject decision point, the invention has uses in 
other areas. Also, although the invention has been described in the context of 
acceptance criteria which define currency articles which the validator is 
designed to accept, it can also be applied to rejection criteria which define 
articles which the validator is designed not to accept. 

By way of an example of a use of the invention in such other areas, there 
may be provided an otherwise-conventional validator which, in addition to 
storing the normal acceptance criteria, also stores rejection criteria at least some 
of which are not considered until after the accept/reject decision is made. If 
such rejection criteria are met, this signifies that a slug has been inserted, but not 
recognised as a valid coin. This can be used to adjust the acceptance criteria 
(e.g. in a manner similar to that described in GB-A-2 300 746), to reduce further 
the likelihood of that slug being subsequently accepted as a valid coin. 

In addition to, or instead of, the various possibilities mentioned above, 
the validator may be arranged to store a record of articles which have been 
tested and found to match criteria which are considered either prior to or after 
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the point at which an accept/reject decision is made. This information can be 
downloaded to an authorised data collection unit for statistical analysis by the 
owner or manufacturer of the validator, and may be particularly useful if the 
acceptance criteria relate to slugs. 

In the arrangements described above, the processing of the 
measurements is performed serially. However, it is also possible to have a 
multi-tasking arrangement to perform several steps in parallel and thus reduce 
the processing time. Even in such arrangements, however, a finite time is 
required for processing, and the invention therefore still has significant benefits. 

The invention has been described in the context of currency validators 
including coin validators, but it is to be noted that the term "coin" is employed 
to mean any coin (whether valid or counterfeit), token, slug, washer, or other 
metallic object or item, and especially any metallic object or item which could 
be utilised by an individual in an attempt to operate a coin-operated device or 
system. A "valid coin" is considered to he an authentic coin, token, or the like, 
and especially an authentic coin of a monetary system or systems in which or 
with which a coin-operated device or system is intended to operate and of a 
denomination which such coin-operated device or system is intended selectively 
to receive and to treat as an item of value. 
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CLAIMS: 

,1. A method of validating articles of currency in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article, prior to 
issuing a signal indicative of whether the article is valid, 

wherein the method includes the step of making a determination, after 
the issuing of the signal, as to whether the measured properties meet at least one 
further set of criteria. 

2. A method as claimed in claim 1 , including the step of altering 
the combination of sets which are checked prior to the issuing of the signal. 

3. A method as claimed in claim 2, wherein the step of altering the 
combination is performed in response to determining that the measured 
properties meet a said further set of criteria, and wherein the altering step results 
in that further set being checked, in a subsequent validation operation, prior to 
the issuing of said signal. 

4. A method as claimed in claim 3 wherein the altering step results 
in that further set being checked in the next validation operation prior to the 
issuing of said signal. 

5. A method as claimed in claim 2, wherein the altering step 
involves altering the combination in a manner determined by which sets of 
criteria have been met in a plurality of previous validation operations. 
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6. A method as claimed in any one of claims 2 to 5, wherein the 
altering step involves causing a plurality of further sets of criteria, associated 
with a plurality of coins of a common currency, to be included within the sets 
which are checked prior to issuing said signal. 

7. A method as claimed in any one of claims 2 to 6, wherein the 
altering step comprises causing one of the further sets of criteria to be 
considered prior to the issuing of the signal, and causing one of the first- 
mentioned sets criteria to be considered after the signal is issued. 

8. A method as claimed in claim 7, wherein the altering step is 
capable of causing any of the first-mentioned sets to be considered after the 
issuing of the signal. 

9. A method as claimed in any preceding claim, in which a said 
further set of criteria represents an article which is to be rejected. 

10. A method as claimed in claim 9, wherein at least one set of 
acceptance criteria considered prior to the issuing of the signal is adjusted in 
response to determining that an article meets said further set of criteria. 

11. A method as claimed in any preceding claim, including storing 
data indicating the number of articles which have met at least one fiirther set of 
criteria in such a maimer as to enable downloading of the data. 

12. A method of validating articles of currency in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article, to make a 
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sequence of determinations as to whether the article is of one of said types, the 
method including the step of altering said sequence for a subsequent validation 
operation. 

13. A method as claimed in claim 1 2, including the step of issuing a 
signal indicating that the article is not genuine after a plurality of determinations 
and depending on the results of those determinations, and prior to further 
determinations being made. 

14. A method of validating articles of currency, in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article, during a 
validation period prior to issuing a signal indicating whether the article is an 
article of a said predetermined type, 

the method including the step of automatically preventing a single one 
of said sets from being considered during the validation period of a subsequent 
validation operation. 

15. A method of validating articles of currency, in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article, during a 
validation period prior to issuing a signal indicating whether the article is an 
article of a said predetermined type. 
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the method including the step of automatically causing a single different 
set of criteria, associated with a different type of article, to be considered during 
the validation period of a subsequent validation operation. 

16. A method of validating articles of currency, in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article, during a 
validation period prior to issuing a signal indicating whether the article is an 
article of a said predetermined type, the nimiber of sets checked being 
substantially equal to the maximim possible to be checked during said 
validation period, 

the method including either the step of automatically preventing one of 
said sets from being considered during the validation period of a subsequent 
validation operation, or the step of automatically causing a different set of 
criteria, associated wdth a different type of article, to be considered during the 
validation period of a subsequent validation operation. 

17. A method of validating articles of currency, in which the 
measured properties of an article are checked against a plurality of sets of 
criteria, each set corresponding to a predetermined type of article and the 
predetermined types belonging to the same currency, during a validation period 
prior to issuing a signal indicating whether the article is an article of a said 
predetermined type, 



28 

the method including either the step of automatically preventing one but 
not all of said sets from being considered during the validation period of a 
subsequent validation operation, or the step of automatically causing a different 
set of criteria, associated with a different type of article of the same currency, to 
be considered during the validation period of a subsequent validation operation. 

18. Apparatus for validating articles of currency, in the apparatus 
storing data defining a plurality of sets of criteria, each set corresponding to a 
predetermined type of article, and being operable to compare measured 
properties of an article with said criteria, and being further operable to permit 
said criteria to be rendered effective or ineffective and to increment a credit 
count if the article is of a said predetermined type for which the criteria are 
effective, 

wherein the apparatus is capable of responding to recognition of a single 
article of one of said predetermined types by (a) automatically preventing one of 
said sets from being effective during a subsequent validation operation, and/or 
(b) automatically enabling a set of criteria, to be effective during a subsequent 
validation operation. 

19. A method of validating articles of currency, the method being 
substantially as herein described with reference to Figures 2 and 3 or Figures 4 
and 5 or Figures 6 and 7 of the accompanying drawings. 

20. A currency validating apparatus arranged to operate in 
accordance with a method as claimed in any preceding claim. 
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21. A currency validation apparatus substantially as herein described 
with reference to Figures 1 and 8 with either Figures 2 and 3, or Figures 4 and 5, 
or Figures 6 and 7, of the accompany ing drawings. 
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ABSTRACT 



A currency validator operates by comparing measured properties of 
inserted articles with acceptance criteria. A set of acceptance criteria can be 
either enabled or disabled automatically. Some sets of acceptance criteria can 
be considered after an acceptance/rejectiondecision, and if they are met they are 
automatically enabled during a subsequent validation operation. 



[FIGURE 3 TO ACCOMPANY THE ABSTRACT] 
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